The threat of agro-industrial exploitations on the quality of groundwater resources has become a major concern for the world's population, mainly in agricultural areas. To solve this problem, several methods such as vulnerability to pollutants and statistics methods, have been adopted to protect these groundwaters. In this study, statistical tests were used to determine the likely source of pollutants in the groundwater resources. First, we made a comparative analysis and then analyzed pollutants parameters using Kohonen self-organizing map (SOM) which allows basic on the similarity to help out any correlation between the physic-chemical parameters. To validate these results, a land use map was developed to identify the sources of pollutants in production functions of different activities taking place on the catchment area. The results indicate very high levels of certain pollutants such as SO  , ) and conductivity showing the likely origin of these surface pollutants, an origin that is linked to the existence of larges agro-industrials exploitations. These results are reinforced by those of the overlay map of the sampling sites on the land use map, which shows a strong coincidence between high values of pollutants and production areas of the pollutants that are agro-industrial exploitations. These areas of coincidence are observed in the north where banana's industrials plantations are found less visible and mostly in the southwest part which is one of the largest oil palm plantations in the world (36,000 hectares). 
Introduction
The groundwater resources have become the best source of drinking water in rural and urban populations in recent years. However, this resource although considered safe because supposed to be free from pollution, is threatened due to the production of fertilizers and increased agro-industrial farms [1] . According to [2] , groundwater resources are at higher risk as its remediation is very difficult. The major anthropogenic activities for continuous groundwater quality deterioration are urbanization, industrialization and agriculture run off.
The importance of these threats often results in the accumulation of nitrate in freshwater systems as it indicates through several studies [3, 4] . These threats that concerned developed countries were deported to developing countries such as Côte d'Ivoire. Several works have identified the impact of agro-industrial exploitations on water resources in general and particularly on the underground waters [5] [6] [7] [8] . Therefore, on Ehania catchment, in the southeast of Côte d'Ivoire, these problems are exacerbated by the existence of the largest agro-industrial palm oil plantation in the world (36,000 hectares), more large banana plantations (5000 hectares) [9] and many village plantations of oil palm, rubber and cocoa [10] . Indeed, their quality could be influenced by natural processes such as soil erosion, precipitation, evaporation and dissolution of rocks [11] . These threats have been studied several times in the region. However, these studies were limited to the assessment of vulnerability to pollution that identifies risk areas and sometimes potential sources of pollution from the land. They do not show the traceability of pollutants. Also, the mechanism underlying the mineralization that shows the transfer mode of different pollutants in solution is not manageable. Either, the use of statistical tests could help to determine the likely source of pollutants in the groundwater resources as it indicates by the works of [8] .
The aim of this study is to determine the probable origins of pollutants from mineralization process to separate the anthropogenic causes deep from multivariate statistical tests origins. A statistical test will be conducted to characterize the mechanisms that govern the transition to different pollutants solution to identify their possible origin. The results obtained will be validated by land use map to identify areas of production of pollutants. This study will thus assess the impact of agro-industrial exploitations on groundwater quality.
Material and Methods

Study Area
The study area selected for this research project ( Figure  1 ) is located in south-eastern Côte d'Ivoire, precisely in the region of South-Comoé. It is located between Western longitudes 2˚45ʹW and 3˚05ʹW and Northern latitudes 5˚10ʹN and 5˚45ʹN.
It covers about 342 km 2 . The area is in the tropical climate characterized by four seasons with two dry (large and small) and two wet (large and small). The geological formations are varied from shale in the northern part to the sedimentary formations in the South. These different types of geological formations indicate the existence of different aquifers that are aquifers in sedimentary formations (Quaternary and Tertiary), weather aquifers and fractured. Concerning topographic, relief is very rugged with elevations generally ranging from 100 to 200 m up to 400 m. The hydrographic network which is an indicator of recharge is very dense in the north and less dense in the South where we have sedimentary formations. Soils consist of reworked soil and sometimes indurated throughout with some portions of hydromorphic soil and gley pseudogley especially along the river Ehania.
Collect Datas
The physico-chemical data collected during the campaign are composed of physical parameters (pH and electrical conductivity) measured in situ using a multiparameter probe. Samples were then collected on 31 sites and stored at 5˚C in a cooler for a laboratory analysis of the Research Center for Oceanography (CRO) The satellitale images were then used for mapping the land use. These Landsat ETM+ images in January 2000 and concern the scene 195-56.
Methods
Origin of Pollutants
In order to know the possible causes of pollutants observed in groundwater, statistical tests were performed. Thirst, we adopted standard methods [12] like spatial analysis to assess spatial variation. Then the self-organizing map of Kohonen (SOM) [13, 14] was applied. Due to their efficiency, artificial neural networks (ANN) with self-organizing map (SOM) algorithm are appropriate methods to model non-linear data [15] and demonstrated their utility in environmental decision-making [16] [17] [18] . The SOM method was adopted in this study because of its high quality handle extreme data (Figure 2) . It allows by the similarity to get out a correlation between these parameters. Thus, knowing the role of each parameter in the groundwater resources and the various sources of pollutants production, it is then easy to identify the likely source of water pollution in the area.
The Self-Organizing Map (SOM) [13, 14] was used to classify the samples according to physic-chemical characteristics. The data set was arranged as a matrix of 32 rows (i.e., the 32 sampling sites) and 6 columns (i.e., the 13 physic-chemical parameters). For more details concerning the SOM algorithm and its applications, we refer the readers [10, [16] [17] [18] [19] [20] [21] [22] .
We checked whether relevant groups of samples characterized distinct groups by performing a hierarchical The analysis was carried out using the SOM Toolbox  [20] for Matlab  in a PC platform.
Elaboration of Land Use Map
The elaboration of land use map requires the use of satellite images. For this study, we used the Landsat 7 ETM + scene 195-56. It will allow mapping different layers which could produce or contribute to produce pollutants. Corrected images that cover the watershed Ehania have been combined several times to identify the combination that would better discriminate between different types of soil occupation. Thus, we conducted the principal component analysis (PCA), realizing the colored compositions and the normalized vegetation index (NDVI). The training plots were subsequently chosen for the determination of different types of land use. The resulting map will subsequently subject to validation of results from the confusion matrix and control plots.
Results and Discussions
Analysis of the various physical and chemical parameters ( These concentrations vary from one well to another with peaks observed in wells that capture the weathered aquifers and sedimentary formations, probably due to the existence of large agro-industrials farms. Indeed, the weathered layers and sedimentary formations are highly vulnerable to pollution phenomena due to the overall free and continuous nature of these aquifers. This is not the case at the aquifers that are more protected at the base. This results in low pollutants in general and particularly of 3 observed in the wells. Regarding the peak observed for the Cl − and in sample 30, that represent the borehole village Diby located in the basement where the 3 is negligible, it could be attributed to the difference between production sources of these pollutants. Indeed, Cl − and could come from the dissolution of sedimentary rocks; this is not the case for which usually comes from the surface.
To determine the origin of the mineralization, the physicochemical data analyzes were processed from the selforganizing map of Kohonen (SOM). The samples were classified by the SOM according to their physcochemical characteristics in the 20 output nodes, so that each node included samples with similar characteristics (Figure 4) . NO The hierarchical classification analysis (Figure 2 ) has brought together all the cells of the Kohonen map into four subgroups (I-IV). As in Figure 5 , it represents the weight of the various physico-chemical parameters considered in the grouping of each unit defined by the hierarchical cluster analysis used. Group I represents mainly the parameters of samples 1; 2 and 5, which correspond to the structures of the village and its surroundings Ehania. This includes a well and two boreholes of this locality. This correlation could then be justified by the nature of the captured geological formations that are usually made of shale. However, the low concentrations observed and the low conductivity values might suggest a residence time of parameters relatively short for groundwater in these aquifers. The water has not had sufficient time to dissolve the rocks to ensure the passage of major ions in solution whose presence in groundwater indicates a residence time long enough.
Group II is divided into two sub-groups (IIa and IIb). IIa subgroup contains samples 7; 10; 14; 26; 27; 28 and 30.
These samples are generally characterized by high levels of Cl − , 2 4 SO  , salinity, 3 . These high levels correspond to high values of conductivity. However, Cl − and NO 
SO
 could come from fertilizer containers of chlorinated contaminants, sea spray and salt weathering of hard rock [24] . These salts are leached by rainwater and irrigation and trained to groundwater. In our study area, the good correlation between Cl − and conductivity might suggest to mineralization related to the residence time of groundwater in the rocks. Indeed, the conductivity shows the degree of mineralization of water. The higher the con-  does that come from the surface or from atmospheric nitrogen or from anthropogenic pollutants [25] . The presence of these pollutants could be explained by a surface origin. Thus, the mineralization of groundwater in the area is related to the transfer of these ions from the surface to depth. These results are further supported by the low concentrations of ions come from the dissolution of pre-existing rocks such as Ca 2+ , Mg 2+ , Na + and K + . These surface pollutants likely come from pesticides used in the agro-industrial exploitations. This observation could still justify the existence in these areas of high pollution sources that are agro-industrial farms of palm oil and banana. Several studies indicate that their concentrations increase due to the large amount of chemical fertilizer used in agriculture [26] . To this must be added the wastewater and waste residue from the processing of agricultural products. All this will lead toincreased levels of pollutants such as phosphate, chloride, and sulfate in groundwater [27] . This class is probably the most important may indicate pollution from surface.
Class IIb groups across samples 9 -32 with particularity in samples 12 and 23 corresponding to the wells and localities Baffia and M'Possa that contain high levels of iron and manganese. These two parameters which are not dangerous to human health could have an impact on the taste and their presence in water can come from either a deep origin or an anthropogenic origin. Iron and manganese are naturally contained in the components of the Earth consist of crystalline and sedimentary rocks. The B. DIBI ET AL. 1183 action of erosion alters these rocks and release components which could be iron and manganese by chemical affinity [28] . However, these two parameters may have an anthropogenic origin and therefore superficial mainly because of their low correlation with conductivity.
Class which come from the dissolution of the enclosing rocks and expressing mineralization that is related to the residence time. However, the concentrations of these parameters remain weak and we note a lack of correlation between these parameters and the conductivity that expresses the degree of mineralization. These phenomena are observed in the wells of M'gbasso, Toliesso and Baffia localities that are on crystalline basement and crystallophyllian. The analysis of this class shows the mineralization associated to residence time. Thus concerning Ehania catchment, mineralization of groundwater increase due to the expansion of agricultural land and the intensive development of agriculture, which also leads to the salinization of groundwater [29] .
To support these results, the land use map of Ehania catchment was developed derived from Landsat ETM+ images (Figure 6 ). The confusion matrix of the different classes of land use (Table 2) indicates that the overall mapping accuracy is 73.53%. This value allow to conclude that different types of land in the study region were fairly well discriminated.
It highlights four classes that are bare soils that occupy small pockets throughout the study area, fallow usually contain the villagers farms and cover a good portion of the study area from north to south. We then have 2 types of agro-industrials farms that are Banana plantations in the north and oil palm plantations in the suth of the catchment. The superposition of the map obtained in localities with high concentrations shows that these areas coincide with potential areas of production of pollutants. Thus, in the northern part of the localities Koffikro, Ayebo, Diby and Baffia with 3 concentrations of 115; 97.5; 115 and 66 mg/L are located either downstream or in the middle of the industrial plantations of bananas. In the south, large industrial oil palm plantations have greatly disturbed the groundwater quality in these particular localities of these areas. This is case of Aboulie, Kouakro, Awran and Sodepalm with  (nitrification) [25] . These two types of exploitations could be potential sources of production of pollutants from surface sources such as the Cl − , , salinity and . At all, we observe a good coincidence between the concentrations and pollutants potential production areas that are agro-industrial farms dominated by human activities in the area. Thus these key pollutants can come in general from phytosanitary products especially the 3 
NO
 . This important role of fertilizer production 3 
 indicated in the work of [4] showed that the use of these fertilizers leads to increased environmental problems marked by an increase in the content of . 
Conclusion
The results of this study highlight the impact of agro-industrials exploitations on groundwater resources. These results show that the concentrations of pollutants that are Cl − , 2 4 SO  and 3 NO  are still very high, but lower than the WHO standards with the exception of 3 
NO
 with more than 50% of the parameters with a content greater Open Access JWARP than or equal to the standard and an average concentration of more than 53 m/L. The land use map highlights potential sources of pollution that are large banana plantations and oil palm observed respectively in the northern and southern parts of the study area Statistical analysis using the SOM method revealed four classes that can be grouped into two main classes. A superficial origin class contains the pollutants from anthropogenic activities (Cl − , and 3 ) and those whose origin is related to the dissolution of rocks (Fe 2+ , Na + , K + , Mg 2+ , Ca 2+ , Mn 2+ ). The low concentrations of these parameters show that the mineralization of groundwater in the area is dominated by transfer of these settings since the surface to the depth. The superposition of these different sampling sites on the land use map confirms the importance of superficial origin of pollutants that are especially Cl − , and . 
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